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Wklv sdshu ghvfulehv htxloleulxp lq jdphv zkhuh wkh lqiruphg sod|huv pd| eh
ryhufrq￿ghqw1 Prwlydwhg e| vshfl￿f prudo0kd}dug/ vljqdoolqj dqg vfuhhqlqj sureohpv/
zh ￿uvw dvvxph wkdw wkh ￿xqlqiruphg￿ sod|huv nqrz wkdw ￿lqiruphg￿ sod|huv pd| eh
plvwdnhq/ exw wkdw wkh ￿lqiruphg￿ sod|huv duh xqdzduh ri wklv1 Lq vwdqgdug Ed|hvldq
jdphv/ zh lghqwli| d frq lfw ehwzhhq vhoi0shufhswlrq dqg htxloleulxp frqmhfwxuhv1 Zh
wkxv wxuq wr srsxodwlrq jdphv dqg dvvxph wkdw zkloh hdfk sod|hu eholhyhv wkdw khu rzq
shufhswlrq lv fruuhfw/ vkh dovr nqrzv wkdw wkh rwkhu sod|huv lq wkh srsxodwlrq duh rq
dyhudjh ryhufrq￿ghqw1 Lw lv vkrzq wkdw lq dq| htxloleulxp ri dq| vxfk jdph/ sod|huv
fdqqrw eh pdgh ehwwhu0r￿ e| ehlqj ryhufrq￿ghqw1 Ryhufrq￿ghqfh pd| eh ehqh￿fldo
rqo| zkhq frpsdulqj sd|r￿ dfurvv gl￿huhqw jdphv/ ru dfurvv gl￿huhqw htxloleuld ri
wkh vdph jdph1 Wkh vhfrqg sduw ri wkh sdshu frqvlghuv dq| ghvfulswlrq ri kljk0rughu
nqrzohgjh ri ryhufrq￿ghqfh1 Zh ghwhuplqh wkh ghvfulswlrqv wkdw doorz wr frqvwuxfw dq
htxloleulxp frqfhsw lppxqh wr lqwurvshfwlyh frq lfwv1 Lw lv vkrzq wkdw ryhufrq￿ghqfh
fdqqrw pdnh dq| sod|hu ehwwhu r￿ dovr lq wkh fdvh wkdw vkh lv dzduh wkdw wkh rssrqhqwv
wklqn wkdw vkh lv ryhufrq￿ghqw1 Wkh sdshu lv frqfoxghg e| vkrzlqj krz wr wudqvodwh
rxu nqrzohgjh0edvhg dqdo|vlv lq wkh odqjxdjh ri Phuwhqv dqg ]dplu +4<;8, xqlyhuvdo
w|shv1
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￿L wkdqn Oduu| Eoxph/ Hgglh Ghnho/ Pdvvlpr Pdulqdffl/ Mxxvr Ydolpdnl/ dqg Dvkhu Zrolqvn|1
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4Wkh h{shulphqw surwrfrov ri Hlqkruq dqg Krjduwk +4<:;,/ Vyhqvrq +4<;4,/ dqg Vhjhuvwurp hw do1 +4<<6,
dvn hdfk vxemhfw lq wkh vdpsoh lq zklfk shufhqwloh ri wkh h{shulphqw srro vkh ehorqjv wr/ zlwk uhvshfw wr
lqwhooljhqfh/ delolw| hwf111 Wkh w|slfdo ￿qglqj lv wkdw prvw vxemhfw eholhyh wr eh deryh dyhudjh1
5Dprqj wkh h{shulphqwdo vwxglhv vkrzlqj wkdw vhoi0hydoxdwlrqv +suhvxpdeo| lqfruuhfw, duh v|vwhpdwlfdoo|
kljkhu wkdq wkh hydoxdwlrq pdgh e| rwkhuv/ vhh Ohzlqvrkq hw do +4<;3,/ Wd|oru dqg Eurzq +4<;;,/ Exujhu
dqg Exuqv +4<;;,1
6Lq rughu wr suhvhqw wkh gl￿huhqw wkhphv ri wklv frqwulexwlrq lq wkh prvw wudqvsduhqw pdqqhu/ zh zloo
uhvwulfw dwwhqwlrq wr 50sod|hu jdphv zlwk rqh0vlghg sulydwh lqirupdwlrq1 Wklv uhvwulfwlrq grhv qrw hqwdlo dq|
uhohydqw orvv ri jhqhudolw|1 Lw lv hdv| wr vhh krz wr jhqhudol}h wkh frqvwuxfwlrq dqg uhvxowv wr dq| Ed|hvldq
jdph1
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7Qrwh wkdw li rqh xqghuvwdqgv wkh ehqh￿fldo h￿hfw ri ryhufrq￿ghqfh rq zhoiduh dv wkh uhvxow ri lqfrusr0
udwlqj kljk h{shfwdwlrqv rq ixwxuh dfklhyhphqwv/ wkhq vxfk dq h￿hfw lv fdswxuhg lq rxu iudphzrun1
8Diwhu doo/ wkh h{shulphqwdo hylghqfh wkdw vkrzv wkh whqghqf| iru ryhufrq￿ghqfh lv uhdglo| dydlodeoh wr
wkh pdqdjhuv ri dq| ￿up/ edqn/ ru lqvxudqfh frpsdq|1
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ryhu shuvrqdo fkdudfwhulvwlf/ wkh prghohu pd| frqvlghu dssursuldwh/ dqg hdfk sod|hu m*v vwudwhj| vm qhhg qrw
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eh d vlqjoh dfwlrq/ exw pd| eh d frpsolfdwhg vwudwhj|/ ru hyhq dq lq￿qlwh krul}rq srolf|1
:Zkloh wkh lqiruphg sod|hu pd| kdyh d plvwdnhq shufhswlrq ri khuvhoi/ zh zdqw wr doorz iru wkh srvvlelolw|
wkdw vkh ohduqv derxw khu delolw| li suhvhqwhg zlwk fohdu hylghqfh e| qdwxuh1 Wkxv lw pxvw eh wkh fdvh wkdw
wkh sod|hu fdqqrw eh plvwdnhq derxw wkh pryh ri qdwxuh ￿=
;Ed|hvldq jdphv duh ￿uvw gh￿qhg lq Kduvdq|l +4<9:,/ vhh Ixghqehuj dqg Wluroh +4<<4, iru wkh wh{werrn
wuhdwphqw1
<Iru wkh vdnh ri vlpsolflw|/ zh vd| wkdw wkh sod|hu*v shufhswlrq ￿5 ehorqjv wr wkh vdph vsdfh dv wkh sod|hu*v
delolw| ￿4= Dowhuqdwlyho|/ zh frxog vd| wkdw wkh sod|hu*v shufhswlrq lv d phdvxuh wkdw ehorqjv wr ￿+￿,= Lw lv
hdv| wr vhh wkdw doo rxu uhvxowv fdq eh h{whqghg xqghu wklv dowhuqdwlyh irupxodwlrq/ exw wkdw wkh| zrxog eh
pruh gl!fxow wr vwdwh dqg lqwhusuhw1
43Qrwh wkdw wklv irupxodwlrq grhv qrw qhfhvvdulo| uhtxluh wkdw wkh lqiruphg sod|hu lv ryhufrq￿ghqw1 Wklv
zloo qrw eh wkh fdvh lq idfw/ zkhqhyhu wkh sod|hu*v fkdudfwhulvwlfv ￿4 dqg ￿5 frlqflgh1
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44Lw lv qrw hqrxjk wr vd| wkdw hdfk sod|hu zlwk fkdudfwhulvwlfv +￿4>￿ 5, eholhyhv wkdw ￿4 @ ￿5> ehfdxvh wklv
doorzv iru wkh srvvlelolw| wkdw vkh pd| wklqn wkdw/ li khu shufhswlrq kdg ehhq ￿
3
5 9@ ￿5> wkhq vkh zrxog kdyh





45Lw vkrxog eh lpphgldwho| srlqwhg rxw wkdw wklv ghvfulswlrq lv qrw htxlydohqw wr d Ed|hvldq jdph zlwk
vxemhfwlyh sulruv/ zkhuh sod|hu 4*v sulru lv !
3> dqg sod|hu 5*v sulru lv != Zh zloo irupdoo| vwxg| Ed|hvldq
jdphv zlwk vxemhfwlyh sulruv lq d odwhu vhfwlrq1
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47Zkloh wklv lpsolhv wkdw wkh ghvfulswlrq ri wkh vwdwh ri wkh zruog ￿ lv lqfrpsohwh/ dv lw grhv qrw fdswxuh doo
xqfhuwdlqw| lq wkh jdph/ lw lv hdv| wr vhh krz wr h{sdqg wkh vwdwh vsdfh wr dffrxqw iru wkh qdwxuh*v fkrlfh ri
￿5 dqg v3= Zh dgrsw wklv ￿uhgxfhg￿ irupxodwlrq ri wkh vwdwh vsdfh wr vlpsoli| wkh dqdo|vlv/ dqg wr xqghuolqh
wkdw zh duh irfxvlqj rxu dwwhqwlrq rq wkh sod|huv* nqrzohgjh ri wkh jdph1
48Lw lv vwudljkwiruzdug wr vkrz wkdw li Sm+$, 5E > wkhq wkh uhvwulfwlrq ri E rqwr Sm+$, lv d ￿0dojheud +lq
idfw wkh Eruho ￿0dojheud rq Sm+$,,=
49Dq lqwurgxfwlrq wr wkh irupdo uhsuhvhqwdwlrq ri nqrzohgjh pd| eh irxqg lq Ghnho dqg Jxo +4<<:,1
4:Lw vkrxog eh qrwhg wkdw wkh lqirupdwlrq fruuhvsrqghqfh S4 lghqwl￿hv wkh nqrzohgjh ri sod|hu 4 ri jdph
J rqo| lq dq h{0dqwh vhqvh/ l1h1 ehiruh wkdw vkh lv dvvljqhg khu fkdudfwhulvwlfv +￿4>￿5,= Khu nqrzohgjh zkhq
vkh wdnhv khu fkrlfh lv h{suhvvhg e| wkh frqmxfwlrq ri S4+$, zlwk khu shufhswlrq ￿5=
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4;Xqolnh Dxpdq dqg Eudqghexujhu +4<<8,/ lq wklv irupxodwlrq sod|hu l grhv qrw nqrz wkh vshfl￿f dfwlrq
dl vkh wdnhv dw d fhuwdlq vwdwh $> exw rqo| wkh pl{hg vwudwhj| ￿l= Lw dvvxphg wkdw diwhu fkrrvlqj wkh vwdwh
$ +zklfk lghqwl￿hv zklfk jdph J lv sod|hg/ dqg zklfk pl{hg vwudwhjlhv ￿ duh wdnhq e| wkh sod|huv,/ wkh
qdwxuh pryhv djdlq lq wkh jdph J> rshudwlqj wkh udqgrpl}lqj ghylfh lghqwl￿hg e| ￿= Lw zloo eh vhhq wkdw
wklv irupxodwlrq juhdwo| vlpsol￿hv rxu dqdo|vlv1
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4<Li wkh xqghuo|lqj jdph J kdv frpsohwh lqirupdwlrq/ lw iroorzv wkdw ￿ lv d qdlyh htxloleulxp li dqg rqo|
li lw lv d Qdvk Htxloleulxp ri J= Dxpdqq dqg Eudqghqexujhu +4<<8, vkrz wkdw/ lq 50sod|hu jdphv/ Qdvk
Htxloleulxp frqmhfwxuh iroorz iurp sxeolf nqrzohgjh ri sd|r￿v/ udwlrqdolw|/ dqg frqmhfwxuhv/ zkhuh d sod|hu
m*v frqmhfwxuh lv d frqglwlrqdo glvwulexwlrq rq wkh dfwlrqv ri khu rssrqhqw/ sod|hu o= Rxu uhtxluhphqw wkdw hdfk
sod|hu m nqrzv wkdw sod|hu o vxuho| sod|v ￿o lv vwurqjhu wkdq mxvw uhtxlulqj wkdw sod|hu m*v eholhi ryhu sod|hu
o*v dfwlrq frlqflghv zlwk ￿o= Wklv doorzv wr rewdlq Qdvk Htxloleulxp zlwkrxw uhtxlulqj sxeolf nqrzohgjh ri
udwlrqdolw| +vhh dovr wkh ￿suholplqdu| revhuydwlrq￿ lq Dxpdqq dqg Eudqghqexujhu 4<<8 dw sdjh 449:,1
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